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Abstract. Retaining wall structures are widely used in different civil engineering projects including building 
construction, highways, railways, water conservancy, harbors, and many other projects in order to resist the 
lateral pressure of soil and water. According to their deformation behavior, retaining walls can be classified as 
flexible walls and rigid walls. Deformable inclusions such as expanded polystyrene, EPS, geofoam can be 
used to reduce the lateral earth pressure on retaining wall structures. In this study, the effect of using EPS 
geofoam inclusion on the reduction of lateral earth pressure and stability behavior of non-yielding and yielding 
retaining walls with cohesionless backfills is examined through a finite element analysis using ABAQUS 
software. A parametric analysis was performed to examine the effectiveness of EPS inclusion considering 
different parameters including the foam thickness, short and long-term characteristics of the foam density, 
surcharge load on backfill and the backfill properties. According to the results obtained, the earth pressure and 
subsequently the sliding forces and overturning moments were reduced on non-yielding and yielding retaining 
walls due to the EPS inclusion. The percentage of reduction was higher in the case of non-yielding walls with 
zero surcharge pressure. The reduction in sliding forces and overturning moments reached 47 %. Moreover, 
it was found that the lateral earth pressure, sliding forces and overturning moment on retaining walls were 
decreased with the increases of the foam thickness. However, the lateral earth pressure was slightly increased 
with the increase of the foam density. Empirical equations of reduction in lateral forces and overturning 
moments were developed as a function of foam thickness. 

1. Introduction 

The stability of earth retaining wall systems represents a complex balance of external loads versus 
resistances’ problems. Earth retaining walls are generally divided into non-yielding and yielding systems. The 
former system is inherently constrained against both deformation and displacement in the horizontal direction. 
Common examples of the non-yielding system include below-grade (e.g., basement) walls of buildings, bridge 
abutments, and free-standing retaining walls that are restrained against horizontal displacement due to 
physical restraint or structure geometry. The non-yielding earth retaining wall systems are logically designed 
assuming the at-rest earth-pressure state within the retained soil. The yielding system can either displace or 
deform or both in the horizontal direction. The yielding earth retaining wall systems can develop the active 
earth-pressure state within the retained soil [1]. 

Active earth pressures evaluation plays an important role in geotechnical engineering. Reduction in 
lateral earth pressure, sliding force and overturning moment on a retaining wall by providing EPS geofoam 
inclusions helps in reducing the project cost. The use of expanded polystyrene (EPS) geofoam as a lightweight 
compressible inclusion has gained extensive popularity in geotechnical engineering. Many researchers have 
carried out analytical, experimental work and numerical analyses on lateral earth pressure problems. These 
studies have shown that compressible materials between a rigid retaining wall and backfill reduced static force 
[2–6]. Chauhan and Dasaka [7] proved the effectiveness of EPS geofoam on reduction of lateral earth 
pressure. They noticed that provision of geofoam behind the retaining wall provided a thrust reduction in range 
of 8–42 % for surcharge pressures ranging from 10–50 kPa.  

https://creativecommons.org/licenses/by-nc/4.0/
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Navid and Rouzbeh [8] conducted a finite difference analysis using a 2-D FLAC computer program by 
considering yielding and non-yielding states for retaining walls to explore the effectiveness of geofoam panels 
in improving the static performance of cantilever retaining walls. They found that using EPS15 with density 
equal to 15 (kg/m3), which has the lowest density among other geofoam panels, has a significant role in 
reduction of lateral stresses. Through their small-scale physical model tests, Dave and Dasaka [9] found that, 
EPS geofoam reduced the total lateral force on the retaining wall by about 23 % and 28 %, for retaining wall 
with and without hinge, respectively. Yadav [10] conducted a numerical analysis on static and seismic 
condition with inclusion of geofoam on retaining wall in using Plaxis 2D software. The thickness of geofoam 
was considered as 0.5 m, 1.0 m, 1.5 m and 2 m. It was found that the reduction in lateral earth pressure 
increases with the increase in geofoam thickness. Ertugrul and Trandafir [11] conducted experimental study 
to investigate the reduction of lateral earth forces on rigid retaining walls by using EPS geofoam inclusions. 
For rigid non-yielding retaining wall, EPS geofoam panels of three different thicknesses (characterized by the 

ratio of geofoam thickness to wall height, t/h, of 0.07, 0.14, and 0.28) were installed behind retaining wall. 

When comparing the “no buffer” case with an inclusion of t/h = 0.14, it was found that the reduction in the 

lateral pressure exceeded 50 %. Salem et al. [12] developed a small-size diaphragm wall with EPS buffer 
using FE program PLAXIS 3D. They concluded that, lateral pressure on diaphragm walls was significantly 
reduced by around 37 % using a relatively thin EPS buffer. 

Veletsos and Younan [13] investigated dynamic pressures on flexible cantilever retaining walls with 
fixed base using an analytical approach that involved repeated application of Lagrange's equation. Results of 
their study emphasized the importance of wall flexibility on the lateral dynamic load and indicated that the total 
wall force may be reduced to about one half of the force calculated for a rigid retaining wall with a fixed base. 

Bathurst et al. [14] investigated the performance of seismic geofoam buffers by carrying out physical 
shaking table tests on a non-yielding rigid wall with a 1.0 m height with deformable geofoam panels and 
granular backfill. A maximum dynamic force reduction of 31 % (compared to the control case of a rigid retaining 
wall with no geofoam buffer) was observed in these tests for a peak base acceleration of 0.7 g. 

Fakhry et al. [15] constructed a numerical model using finite element program PLAXIS 2D. They 
concluded that, the lateral pressure on flexible diaphragm walls can be significantly reduced by 37 % using a 
relatively thin EPS buffer. Mustafa et al. [16] studied the efficiency of EPS geofoam inclusion in reducing the 
static earth pressure on non-yielding cantilever retaining walls with a height of 7 m, using finite element 
program, PLAXIS 2D. They studied the distribution and magnitude of earth pressure on retaining walls with 
and without geofoam when subjected to surcharge loads. A geofoam density of 10 kg/m3 and a thickness of 
0.50 m were used. The results confirmed that the earth pressure have been reduced with the geofoam 
inclusion by 36 %. Abdelsalam et al. [17] developed a 3-D model using PLAXIS 3D. They found that reduction 
in lateral earth pressure acting on flexible retaining walls ranged from 2 % to 25 % by using EPS geofoam with 
a foam thickness to wall height ratio ranging from 0.01 to 0.05, respectively. 

Researchers considered using EPS with other geosynthetics to enhance the effect of EPS in different 
applications. Moghaddas Tafreshi et al. [18] conducted experimental tests to investigate the effect of inclusion 
EPS geofoam block and geocell to mitigate the pressure on buried flexible high-density polyethylene pipes. 
They found that using EPS can reduce the pressure onto the pipe, however, it may cause larger surface 
settlements. The effect of using EPS was enhanced by using geocell reinforcement and the resulting 
deformations were kept within allowable limits. Experimental tests were used to study the effect of the use of 
geogrid and EPS geofoam block to protect unplasticized polyvinyl chloride pipes with 160 mm diameter buried 
in unreinforced and reinforced trenches under cyclic loadings [19]. It was found that using geogrid with EPS 
block with appropriate density, thickness and width can control the behavior of these buried pipes under cyclic 
loading. EPS wall barrier was considered to mitigate the blast load effect on the pile foundation [20]. According 
to the results obtained, it was observed that the open trench and the EPS wall barrier have the best 
effectiveness in reducing the blast load effect on such foundations, when compared to other techniques or 
materials. Other researchers used fibers of polypropylene under retaining walls to enhance the stability of the 
soil mass [21]. It was found that retaining wall with fiber-sand backfill experience much smaller horizontal 
movements than that of the retaining wall with sand backfill. 

The main goal of this study is to optimize the effectiveness of using geofoam inclusions as a lightweight 
fill material behind retaining wall structures in order to effectively reduce the lateral earth pressure and enhance 
the stability of the retaining walls considering the sliding forces and overturning moments on these walls. A 
detailed FE analysis using ABAQUS was used to model backfill soil, retaining walls and EPS geofoam. In this 
regard, several parameters were considered including the foam thickness, which varied from 0 to 3.0 m, foam 
density for short and long-term conditions, surcharge pressures on backfill surface due to foundations of 
adjacent structures and traffic loading and finally the backfill soil type including loose, medium and dense 
sand. 
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2. Methods 

The theories proposed by Coulomb [22] and Rankine [23] remain the fundamental approaches to 
analyze the active earth pressures their formulation is simple, and widely accepted by practicing engineers. 
FE method can analyze complicated geometries and provide detailed results to the retaining wall problem. 
Accordingly, it is becoming an effective method of solving the earth pressure problems.  

In this research, a three-dimensional FE commercial software (ABAQUS) was used in the analysis to 
model the retaining wall, backfill soil and soil underneath the wall. The backfill soil comprises loose sand with 
a height of 8.0 m, followed by dense sand extending down to a depth of 31.0 m. The wall has a height of 8.0 m, 
and its width varies from 3.0 m at the base to 0.80 m at the top. In the analysis, the wall was modeled as an 
elastic material.  

Wall is modeled as elastic materials by an eight-node linear brick element with reduced integration 
and hourglass control (C3D8R). Soil, EPS geofoam and back fill are modeled by elastic ideal plastic 
constitutive model following Mohr–Coulomb yield criterion by an eight-node linear brick element with reduced 
integration and hourglass control (C3D8R). The Mohr–Coulomb Model considers the effect of stresses on the 
strength of soil. The failure criterion is defined by the friction angles and cohesion of soil. The Main parameters 
are summarized in Table 1. It should be noted that wall elements are relatively rigid to the surrounding soil 
deformations. The surface of wall elements that are in contact with the soil elements is referred to as the main 
surface (master). The surface of the soil elements in contact is set as the secondary surface (slave). In the 
ABAQUS program these surfaces are called contact pairs. The contact behavior of the two surfaces is 
determined by the Coulomb law of sliding friction. The Coulomb model of friction applies to the maximum 
allowable friction (shear), including the normal stress at the interface between the two surfaces. 

A finite-sliding formulation was used at these interfaces, which allows any random motion of the 
surfaces including sliding, separation, and rotation of the surfaces. Hard contact model was used to define the 
normal contact pressure over closure relationship between the backfill and base soil and the wall. The first 
step of the analysis was to verify that the initial geostatic stress field is in balance with the applied loads and 
boundary conditions. The initial step was followed by several static analyses stages to reach an active state. 

Boundary conditions of the bottom of the model were fixed. The horizontal displacement was 
constrained at the right and left sides of the soil block considered. The left side of retaining wall was restraint 
for non-yielding retaining wall and unrestrained for the case of yielding retaining wall. The vertical stress 

distributions behind the wall at non-yielding and yielding walls were taken as (Δ = 0.000H) and 

(Δ = 0.00073H), respectively as presented in Fig. 1 [24, 25]. 

Table 1. Physical and mechanical properties of soil, backfill and EPS. 

 Wall EPS geofoam Backfill Loose 
sand 

Base soil 

Unit weight, γ (kN/m3) 24 2.5 15 17 

Modulus of elasticity, E (MPa) 2.1E4 2.736 20 100 

Poisson ratio,  0.20 0.14 0.3 0.25 

Internal friction angle, ϕ ° - 27 30 37 

Cohesion, C, kPa - 47 0 0 

 

 
a) Non-yield 

 
b) Yield 

Fig. 1: Dimensions and boundary conditions of the retaining walls 
a) Non-yielding retaining wall and (b) Yielding retaining wall. 

https://www.sciencedirect.com/topics/engineering/hourglass-control
https://www.sciencedirect.com/topics/engineering/hourglass-control
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The main purpose of the parametric study is to investigate the effect of using EPS geofoam in reducing 
the lateral earth pressure on yielding and non-yielding retaining walls. The following parameters were 
considered in this study: 

 Foam thickness (case 1); 

 Foam properties including short term and long-term conditions (case 2); 

 Surcharge pressure on backfill surface (case 3); 

 Backfill soil properties (case 4). 

Table 2 through Table 5 show different parameters considered in this study in details. 

 

Table 2. Effect of foam thickness (case 1). 

Case a b c d e f g 

Foam thickness (m) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 

 

Table 3. Effect of EPS properties (case 2) [26]. 

Case EPS properties 

γ (kN/m3) E (kPa)  ϕ ° C, kPa 

a 

Foam 25 

Short term 25 2736 0.14 27 47 

Long term 25 2072 0.14 25 40 

b 

Foam 30 

Short term 30 4307 0.17 33 57 

Long term 30 3263 0.17 30 45 

c 

Foam 35 

Short term 35 4924 0.2 36 84 

Long term 35 3730 0.2 33 67 

 
Table 4. Effect of surcharge pressure (case 3). 

Case a b c d 

Surcharge pressure, q(kPa) 0 16 25 50 

 
Table 5. Effect of backfill properties (case 4). 

Case Backfill properties 

Soil type γ (kN/m3) E (MPa)  ϕ ° 

a Loose sand 15 20 0.3 27 

b Medium sand 18 50 0.3 35 

c Dense sand 20 100 0.25 37 

 

3. Results and Discussion 

3.1. Verification of FE Model 

First, the developed FE model was verified through a comparison with the Coulomb and Rankine 
fundamental approaches. Lateral earth pressure distribution along wall for non-yielding retaining walls at 
different backfill granular soils (loose sand with Young modulus equal to 20 MPa, medium sand with Young 
modulus equal to 50 MPa and dense sand with Young modulus equal to 100 MPa) and at different surcharge 

load (q = 0 kPa, q = 16 kPa, q = 25 kPa and q = 50 kPa) are shown in Fig. 2 and Fig. 3, where they are 

compared with the theoretical approaches at non-yielding lateral earth pressure distribution. From these 
figures, it can be observed that good agreement was noted between the FE calculations and the theoretical 
approaches. Fig. 4 and Fig. 5 show the lateral earth pressure distribution versus the normalized height of wall 
for yielding retaining walls at different backfill material and at different surcharge load, where they were 
compared with the Coulomb active earth pressure distribution. Again, the theoretical active earth pressure 
agreed well with the FE results. It should be noted that the limiting active earth pressure condition occurred 
after the formation of a failing soil wedge adjacent to the retaining wall. The numerical simulations using 
ABAQUS reasonably predicted the response and the lateral earth pressure of the retaining wall. The 
developed model was able to predict the lateral earth pressure with a good level of accuracy. From the 
verification part and the comparisons for each case, it can be concluded that a reliable FE model was 
developed. 
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The plastic strain contours, shown in Fig. 6, clearly illustrate the presence of a failure plane similar to 
the one assumed in the Coulomb active earth pressure theory. This failure surface was inclined at an angle of 

(45+ϕ/2), according to Coulomb theory. 

 

Figure 2. Lateral earth pressure against non-yielding wall model for different backfills. 

 

Figure 3. Lateral earth pressure against non-yielding wall model for different surcharge loads. 

 

Figure 4. Lateral earth pressure against yielding wall model for different backfills. 
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Figure 5. Lateral earth pressure against yielding wall model for different surcharge 

pressures, q. 

The analysis was performed for a retaining wall with a height of 8 m, a surcharge load equal zero, the 
foam density 25 kg/ m3, loose-sand backfill and a foam thickness varying from zero to 3.0 m as given in 
Table 2. 

 

a) Without foam 

 

b) With foam = 2 m 

Figure 6. Distribution of plastic strain without and with foam in the backfill at active failure. 

3.2. Effect of Foam Thickness 

First, the effect of foam thickness on lateral earth pressure on retaining walls, and accordingly on the 
sliding forces and overturning moments, was investigated in case 1. In this case, foam was used with different 
thicknesses ranging from zero to 3.0 m. The foam density was set to 25 kg/m3 for the whole case. No 
surcharge pressure was considered. The backfill soil was loose sand with unit weight of 15 kN/m3 and modulus 
of elasticity of 20 MPa, Poisson ratio of 0.3 and internal friction angle of 27° with no cohesion. Both types of 
walls were considered; non-yielding and yielding retaining walls. 

Fig. 7 shows lateral earth pressure against non-yielding wall for different foam thicknesses. The 
percentage of reduction in lateral force and overturning moment for non-yielding wall at different foam 
thicknesses is shown in Fig. 8. Fig. 9 shows factor of safety for sliding and overturning on the non-yielding wall 
at different foam thickness. From these figures, it can be observed that, the lateral earth pressure was 
significantly decreased upon using foam in front of the non-yielding retaining wall with a noticeable 
enhancement in the factor of safety against sliding and overturning. Figures also show that as the thickness 
of foam increases, the lateral earth pressure is reduced and consequently the factor of safety is increased. 

The percentage of reduction in lateral earth force and overturning moment at different foam thickness 
can be calculated by the following equations: For the lateral force, Y = 40.50X0.208, and for the overturning 
moment, Y = 23.85X0.313, where Y is the percentage of reduction and X is the foam: thickness in meters. The 
factor of safety for sliding and overturning also was increased from 0.75 to 1.50 and from 1.15 to 1.75, 
respectively. 

The effect of foam thickness on the reduction of lateral earth pressure on yielding retaining walls and 
the enhancement of corresponding factor of safety in terms of sliding force and overturning moment are shown 
in Fig. 10 to Fig. 12. Fig. 10 shows lateral earth pressure against yielding retaining wall for different foam 
thicknesses. Fig. 11 shows the percentage of reduction in lateral force and overturning moment for non-
yielding wall at different foam thickness. Fig. 12 shows factor of safety for sliding and overturning on the 
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yielding wall at different foam thickness. Similar to the non-yielding retaining walls, the figures show that the 
lateral earth pressure was decreased as the thickness of foam was increased. 

 

Figure 7. Lateral earth pressure against non-yielding wall for different foam thicknesses. 

 

Figure 8. Percentage of reduction in lateral force and 
overturning moment  

 

Figure 9. Factor of safety for sliding and 
overturning.  

The percentage of reduction in lateral force and overturning moment at different foam thicknesses can 
be calculated by the following equations: For the force, Y = 17.95X0.7502 and for the moment,  
Y = 1.157X2 + 3.605 X + 2.894, as shown in Fig. 11. The factor of safety for sliding and overturning also was 
increased from 1.25 to 2.10 and from 1.8 to 2.60, respectively, as shown in Fig. 12. 

In general, the lateral earth pressure is decreased with the increase of the foam thickness. This 
reduction in earth pressure reached 52 % for non-yielding walls and 41.14 % for yielding walls, when using 
foam with 3.0 m thickness, as shown in Fig. 7 and Fig. 10. 

 

Figure 10. Lateral earth pressure against yielding wall for different foam thickness. 
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Figure 11. Percentage of reduction in lateral force  
and overturning moment. 

 

Figure 12. Factor of safety for sliding and overturning. 

3.3. Effect of Foam Properties 

In case 2, the effect of EPS properties on lateral earth pressure was studied considering the short term 
and long-term conditions of EPS. During this analysis, loose sand was considered with similar soil properties 
as in case 1. Also, no surcharge pressure was considered in this case. Table 3 summarizes the details of 
properties for the three types of EPS used: Foam 25, Foam 30 and Foam 35 in terms of unit weight, modulus 
of elasticity, Poisson ratio internal friction angle and cohesion. The foam thickness was 2.0 m, in this case. 

Fig. 13 shows the lateral earth pressure against non-yielding wall model for different foam densities in 
short and long-term conditions. Fig. 14 shows the percentage of reduction in lateral force and overturning 
moment at different foam densities. The lateral force was decreased by 46.4 % for Foam 25, 44.5 % for Foam 
30 and 43 % for Foam 35. The overturning moment was decreased by 29 % for Foam 25, 27.7 % for Foam 
30 and 26.4 % for Foam 35, for short-term properties. Fig. 15 shows percentage of reduction in lateral force 
and overturning moment at different foam densities. The lateral force was decreased by 46.6 % for foam 25, 
43.9 % for foam 30 and 43.9 % for foam 35. The overturning moment was decreased by 28.1 % for Foam 25, 
26.9 % for Foam 30 and 26.9 % for Foam 35, for long-term properties. 

 

Figure 13. Lateral earth pressure against non-yielding wall model for different foam densities  
in the short and long-term conditions. 

Fig. 16 shows Lateral earth pressure against non-yielding wall model for different foam densities in short 
and long-term conditions. Fig. 17 shows percentage of reduction in the lateral force and overturning moment 
at different foam densities. The lateral force was decreased by 29.8 % for Foam 25, 33.1 % for Foam 30 and 
32.9 % for Foam 35. The overturning moment was decreased by 13.8 % for Foam 25, 21.9 % for Foam 30 
and 22.8 % for Foam 35 for the short-term properties. Fig. 18 shows percentage of reduction in lateral force 
and overturning moment at different foam densities. The lateral force was decreased by 26.9 % for Foam 25, 
30.1 % for Foam 30 and 30 % for Foam 35. The overturning moment was decreased by 7.2 % for Foam 25, 
16.2 % for Foam 30 and 18 % for Foam 35 for the long-term properties. 

In all studied cases, there is a general trend of having less lateral earth pressures on non-yielding 
retaining walls with decreasing EPS foam density. Results showed that use of Foam 25, which has the lowest 
density among other geofoam densities, is the most efficient in reducing the lateral pressure on non-yielding 
retaining walls. On the contrary, for yielding retaining walls, there is a general trend of reducing the lateral 
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earth pressures with the increase in EPS foam density. The results showed that use of Foam 35, which has 
the highest density between other geofoam densities, is the most efficient in reduction of lateral stresses on 
yielding retaining walls. 

  

Figure 14. Percentage of reduction in lateral 
force and overturning moment for non-yielding 

wall (short-term conditions). 

Figure 15. Reduction in lateral force and 
overturning moment for non-yielding wall (long-

term conditions). 

 

Figure 16. Lateral earth pressure against yielding wall model  
for different foam densities in short and long-term conditions. 

  

Figure 17. Reduction in lateral force and 
overturning moment for yielding wall  

(short-term condition). 

Figure 18. Reduction in lateral force and 
overturning moment for yielding wall  

(long-term condition). 

3.4. Effect of Surcharge Pressure 

Four different values of surcharge pressure were considered in case 3 to simulate pressure from 
foundations of adjacent structures and traffic loading. In this case, surcharge pressure values on backfill of 
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q = 0, 16, 25 and 50 kPa were considered. Similar soil properties were used for loose sand, as in case 1 and 

2. Foam 25 with a thickness of 2.0 m in short-term conditions was considered in this case. 

Fig. 19 shows the distribution of lateral earth pressure with the normalized height of non-yielding 
retaining wall for different values of surcharge pressures. As shown in Fig. 20, the percentage of reduction in 
lateral earth pressure was decreased with the increase of surcharge pressure. Considering the overturning 
moment, the reduction percentage was around 30 % for surcharge pressure up to 20 kPa. For higher 
surcharge pressure, the reduction percentage was gradually decreased. 

For yielding retaining wall, the distribution of lateral earth pressure on the wall is shown in Fig. 21. The 
percentage of reduction in lateral force was decreased from 30 % in the case of zero surcharge pressure on 
the backfill to 21 % for 50 kPa surcharge pressure. On the other hand, the maximum reduction in overturning 
moment was about 22 % when surcharge pressure of 20 kPa was applied. Only 14 % reduction was observed 
in the case of zero surcharge pressure on backfill surface. The percentage of reduction in lateral force and 
overturning moment as well as the fitting equations are shown in Fig. 22. 

3.5. Effect of Backfill Soil 

To investigate the effect of backfill soil properties on the effectiveness of using EPS foam on the lateral 
earth pressure on yielding and non-yielding retaining walls, three backfill soils were considered in case 4. 
These soils are loose, medium, and dense sands. The properties of each soil are presented in Table 5. The 
analysis was performed to investigate the lateral earth pressure and the safety of yielding and non-yielding 
retaining wall with a height of 8.0 m. No surcharge pressure was considered on the surface of backfill. Foam 
25 in the short-term conditions with a thickness of 2.0 m was considered. 

 

Figure 19. Lateral earth pressure against non-
yielding walls for different surcharge loads. 

 

Figure 20. Reduction in lateral force and overturning 
moment for non-yielding walls at different 

surcharge loads. 

 

Figure 21. Lateral earth pressure against 
yielding wall for different surcharge loads. 

 

Figure 22. Reduction in lateral force and 
overturning moment for yielding wall at different 

surcharge loads. 

Fig. 23 shows the distribution of lateral earth pressure on the non-yielding retaining wall for different 
backfill soils. According to Fig. 24, the lateral earth force and overturning moment were reduced by 49 % and 
by 29 %, respectively, for loose-sand backfill. Similar results were obtained in the case of medium-sand 
backfill, where the reduction was 51.3 % and 33 % for lateral earth force and overturning moment, respectively. 
For dense-sand backfill, the lateral earth pressure and overturning moment were decreased by 51.9 % and by 
32.1 %, respectively.  
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Figure 23. Lateral earth pressure against non-
yielding wall for different types of backfill soil. 

Figure 24. Percent of reduction in lateral force 
and overturning moment for non-yielding wall 

of different types of backfill soil. 

  

Fig. 25. Lateral earth pressure against 
yielding wall with different type of backfill soil 

Fig. 26. Percent of reduction in lateral 
force and overturning moment for yielding 

wall with different types of backfill soil 

Considering the case of yielding retaining wall, the distribution of lateral earth pressure over the wall 
height is shown in Fig. 25, for different types of backfill soil. The reduction in lateral earth forces and overturning 
moment for different backfill soils is shown in Fig. 26.The reduction in earth force was 29.8 %, 38.4 % and 
38.6 % for loose, medium and dense sand backfills, respectively while the reduction in overturning moment 
was 13.8 %, 32.1 % and 31 %, for the considered backfill soils, respectively. 

In general, using medium sand as backfill soil resulted in the best enhancement in the efficiency of EPS 
geofoam in reducing lateral force and overturning moment. 

4. Conclusions 

In this research, the inclusion of EPS geofoam was considered in order to reduce the lateral earth 
pressure on yielding and non-yielding retaining walls and accordingly increase the wall safety in terms of the 
sliding forces and overturning moments. A three-dimensional FE analysis was conducted using ABAQUS to 
model backfill soil, retaining wall, foam, and boundary conditions. The wall has a height of 8.0 m with a wall 
thickness of 0.80 m and 3.0 m at wall top and bottom, respectively. Four different parameters were considered 
to assess the efficiency of using EPS foam on lateral earth pressure on retaining walls and according the wall 
safety. These factors are: 

 Foam thickness; 

 Foam density and short-term and long-term properties; 
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 Surcharge pressure on backfill surface; 

 Backfill soil properties. 

According to the obtained results, the following conclusions were obtained: 

1. The developed 3-D FE model using ABAQUS was able to predict the lateral earth pressure of 
cohesionless soil on both yielding and non-yielding retaining walls with a very satisfactory accuracy. The 
developed FE model can be used in similar applications to study the earth pressure on retaining walls with 
different deformable inclusions. 

2. Increasing the EPS foam thickness results in reducing the lateral earth pressure on yielding and non-
yielding retaining walls and accordingly increases the factor of safety against sliding and overturning. The 
reduction in lateral earth pressure was higher in the case of non-yielding retaining wall compared to the yielding 
retaining wall. The distribution of lateral earth pressure over wall height was considerably changed after using 
the EPS foam, especially in non-yielding retaining walls with maximum pressure values at a depth of 0.85 of 
the wall height. 

3. For non-yielding retaining walls, percentage of reduction in lateral earth force and overturning 
moment were estimated by 40.50 X0.208 and 23.85 X0.313, respectively. For yielding retaining walls, the 
percentage of reduction in lateral earth force and overturning moment were estimated by 17.95 X0.7502 and 
1.157 X2 + 3.605 X + 2.894, respectively, where X is the foam thickness in meters. 

4. The density of EPS foam has a slight effect on the distribution and values of lateral earth pressure 
on yielding and non-yielding retaining walls considering the short-term and long-term conditions. 

5. Inclusion of EPS foam has a considerable effect on reducing lateral earth pressure when having 
surcharge pressure on backfill surface against non-yielding wall while it has small effect on reducing lateral 
earth pressure in the case of yielding wall. For non-yielding wall, the maximum reduction in lateral earth force 
and turning moment was 47 % for zero surcharge pressure and 30 % for 20 kPa surcharge pressure, 
respectively. For yielding wall, the maximum reduction in lateral earth force and turning moment was 30 % for 
zero surcharge pressure and 22 % for 20 kPa surcharge pressure, respectively. 

6. Similar efficiency of the inclusion of EPS foam was obtained in case of using different backfill soils 
in case of non-yielding retaining wall. However, the efficiency of EPS foam was higher in case of medium and 
dense sand backfills against yielding wall, compared to loose sand backfills. 
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